Fe,rluary 1, 1939J DISCUSSION ON SURGERY IN DIABETIC PATIENTS Mr. J. B. Hunter (Surgery): The treatment of diabetes now allows the complete control of the diabetic condition, so that more cases are suitable for surgery than in the pre-Banting era; and, because of the increased length of life, a larger nuimber of diabetic patients come to surgeons with conditions incidental to the disease. The figures at King's College Hospital show that in the years 1919-23 the total number of (liabetics admitted to medical and surgical beds was 68, whereas, in 1933-37 the number admitted was 730. In the first period there were two cases of gangrene and in the second period 39 cases.
control of the diabetic condition, so that more cases are suitable for surgery than in the pre-Banting era; and, because of the increased length of life, a larger nuimber of diabetic patients come to surgeons with conditions incidental to the disease. The figures at King's College Hospital show that in the years 1919-23 the total number of (liabetics admitted to medical and surgical beds was 68, whereas, in 1933-37 the number admitted was 730. In the first period there were two cases of gangrene and in the second period 39 cases. There are two types of cases first a group in which surgery is considered necessary in a patient suffering from diabetes, and second one in which surgery is necessary on accouint of some complication of the diabetic condition. The latter group can be subdivided into cases in which sepsis is the predominant feature and those in which the (lisease is being aggravated by factors which affect the metabolism.
When surgery has to be undertaken in a diabetic patient, the risk of operation has to be assessed by the general condition and the reaction to diabetic treatment, and one is naturally guided by the physician in charge of the case. It may be stated brcadlv there is no greater risk in operating on a properly prepared diabetic patient thami oI a non-diabetic ore; indeed there may be less risk because there is an adequate period of rest and pre-operative treatment, which is not always accorded to the nondiabetic. The same care is, of course, even more essential during the forty-eight hours following operation, and it cannot be stressed too strongly that during this period the closest co-operation is necessary with the physician. As is well known, two factors play a large part in upsetting the metabolism in these cases, the aniesthetic and the trauma. Severe trauma, especially where there is laceration or cutting of soft tissues, produces in the normal individual a transient rise in the blood-sugar, which is of little importance, but in the diabetic is of greater significance, and in such an operation as radical mastectomy may cause grave postoperative disturbance if the metabolic after-treatment is not adequatelv supervised. In abdominal surgery severe and prolonged vomiting may occur, and again after-care is of the greatest importance.
I now come to the second group, where surgery is necessitated by some complication of the diabetic state or where the disease is being aggravated by other ductless glands such as the pituitary or thyroid. Pituitary cases are few, but diabetes aggravated by thyroid disease is, however, not uncommon, and does concern the surgeon. In 154 thyrotoxic cases of mine at King's there were eight diabetic cases (about 6%).
In thyrotoxicosis, the diabetic state may be considerably augmented; the metabolic rate being increased, the patients tend to waste more rapidly when the panicreas is also at fault. The alleviation of the thyrotoxicosis prodllces a marked improvement in the patient's condition although it does not cure the diabetes, the bloodsugar drops rapidly and the gain in weight averages about 2 st. The administration of Lugol's iodine after operation is of importance as this seems to help the diabetic over a difficult period. Owing to the admirable management by the diabetic dlepartment at King's, I have no undue anxiety about the diabetic thyroid.
There remains that very large group of cases in which the diabetic condition is aggravated by sepsis. AMost of the obvious septic lesions affect the extremiiities. Diabetics are extremely liable to infective lesions of the feet, produced by conditions which in the ordinary person would pass unnoticed and would heal unattended.
Such conditions as cracks in callosities, too-close paring of corns, and the minor traumas associated with the cutting of nails, are all liable to produce some degree of cellulitis, either superficial or deep. The deeper form seems to be a penetrative type, and we are all familiar with the patient who comes for consultation with a small sinus with little or no reaction around it, which on further investigation leads down, most commonly, to one of the phalangeal or metacarpophalangeal joints. On probing such a sinus, bare bone can frequently be detected. A radiograph reveals complete destruction of the joint with no obvious sequestration to be seen. The sequestra are present, however, and are formed from the cartilage of the head and base of the affected bones. This characteristic lesion is due no doubt to the poor blood supply of the cartilage, which makes it more vulnerable in these diabetic arteriosclerotic patients.
A general examination of the arterial state should be made, first in relation to pulsation in the dorsalis pedis and posterior tibial arteries, an examination that may be very difficult in a fat diabetic with cedema of the foot. The popliteal artery should be examined for pulsation, and considerable help as to the degree of vascular disease may be obtained by examining the radial and brachial arteries. Cases often present themselves in a worse state with spreading cellulitis in the foot, either locally round the original lesion, or with the whole foot involved and a spreading cedema above the ankle. There is, however, one striking fact, the diabetic patient appears to suffer much less pain from such lesions than the non-diabetic. This is a point of considerable importance in treatment, it can be taken advantage of to remove small sequestra from a sinus without an anaesthetic and to dress the wound; but it should make the surgeon very cautious in the application of strong antiseptics and treatment by radiant heat.
General treatment should be similar to that given in non-diabetic cases with certain modifications, the diabetic state should be ascertained, and put under control. But if the septic condition calls for it, incisions should be made and the area drained at once and the diabetes dealt with afterwards. Where the cellulitic area has to be opened and sequestra removed, the after-care of the wound is important. These cases should be treated by packing them with sterilized boracic powder which is renewed every day. This antiseptic is not powerful enough to damage tissues which have a poor blood supply; but goes on acting until the next application, and has the further advantage of preventing the part from becoming sodden. After a few days, as the wound begins to heal, a small quantity of insulin is introduced into its depth, once or twice a day. The value of local treatment of such wounds with 1000 22 insulin is, I know, a debatable one. In vitro, insulin mixed with pus or serum is made inactive, and it has been stated that local injection is, therefore, of no value. I do not hold this view. In one case treated by this method, the diabetic state was so improved that it required no insulin; when, however, the sinus closed and the local insulin treatment was discontinued, sugar again appeared in the urine. In another case, my house surgeon was called to the ward because the patient was suffering from hypoglycaemia after the local insulin treatment. I am aware that there may be fallacies in this argument, but clinical medicine has before this shown that what happens in vitro does not necessarily happen in vivo; it is possible that the presence of the slightly acid boracic may determine the fact that the insulin is not destroyed.
At the same time, whether the patients have pulsation at the ankle or not, they are treated with a pulsator. The one I find most convenient is that devised by Dr. Wilson. It can be employed in the ward and several patients can be treated in a day. They have two hours' treatment twice a day, the cycle taking three and a half minutes. In some cases where a chronic sinus is present the removal of the sequestra can be undertaken during the daily dressings; boracic powder, insulin, and the pulsator being used as before.
The majority of these patients with septic lesions are in the arteriosclerotic period of life, the vascular disease undoubtedly being aggravated by the diabetic state. At any time, therefore, the septic lesion of the foot may pass from sepsis into gangrene and may do so during the first few days of treatment. This may be the result of the increased tension of the part, of surgical incision, or of the application of heat. The last is the most important, as the diabetic foot is apparently more insensitive than normal and a degree of heat sufficient to blister may not be noticed. The extent of the gangrene must determine the line of treatment. If accompanied with a severe degree of cellulitis, amputation is called for at a high level; if there is little cellulitis local amputation may be sufficient. In either event, except on rare occasions, the patient should be treated for a period in bed with dry dressings. If improvement follows, such as reduction of cedema, it is advisable to wait until the maximum has taken place before amputating, but it must be stressed that the area should be carefully watched as the condition can become rapidly worse in a few hours, and may demand urgent surgery. The amputation of toes for osteomyelitis and gangrene can and should be undertaken in suitable cases. The operation area does not usually break down, and if it does, the patient has had a chance of the minor procedure. In amputations other than those above the knee, it is inadvisable to use a tourniquet, as it may cause thrombosis of the smaller vessels in the neighbourhood of the wound.
The site of amputation will be determined by the extent of the gangrene, the vascular condition in the limb, and the general condition of the patient. If the arterial condition is good and the area of gangrene small in extent, local amputation can be undertaken; if, however, the arterial condition is poor and the cellulitis is of a spreading character, amputation has to be undertaken above the knee. In old patients, diabetes is usually of short duration, and when they develop septic lesions of the feet gangrene often follows. Delay in operating may be fatal, and the site of such amputations should always be above the knee.
Another septic lesion that calls for special mention in the diabetic is carbuncle. This is most commonly seen on neck or back, and tends to reach a huge size and have a rapidly detrimental effect on the patient. Where the carbuncle is seen early and is small, treatment by magnesium sulphate paste should be instituted, as in the ordinary patient; where, however, the carbuncle is large, or is spreading in spite of treatment, it should be radically dealt with by turning up four flaps of skin and cutting out the dead tissue. The diabetic patient does not seem to be able to tolerate the presence of a slough and its separation.
In a surgical emergency time should not be wasted in treating the diabetes, apart from steps to tide the patients over the operation. These patients are liable to abdominal cramps, which may simulate an acute abdomen. This may cause some difficulty in diagnosis as their pain sensation is altered, and for lack of signs and symptoms such a disease as acute appendicitis may well be overlooked.
In conclusion, the importance of the surgical aspect of diabetes should be stressed. It has been stated that every other diabetic is a surgical case before it dies. The physicians have done their part, the medical mortality, according to American figures, being reduced to about 2%0; but the surgical mortality is about 12%. As this 12% is due mainly to septicaemia, new lines of treatment may further reduce the surgical mortality rate.
Dr. H. P. Himsworth (Medicine): It is a tradition in surgery that diabetic patients support surgical treatment badly. Nowadays this view is no longer justifiable ; in the majority of operations on diabetic subjects, provided the diabetes is properly controlled, the surgeon may completely disregard the fact of the patient having diabetes and may proceed to attack the local lesion with the same technique and with as much confidence in the ultimate result as in an ordinary case. In all operations on diabetic patients, however, the physician in charge of the case must decide whether or not the state of the diabetes will permit the application of unrestricted surgical nmeasures to the local condition. To make this decision is sinmple. It is only necessary to decide whether or not it will be possible to send the patient to the operating theatre with his diabetes adequately controlled. If it is possible, then the surgeon may proceed unhampered to apply whatever measures he thinks fit; if it is not possible, then his technique may require to be modified in the general interests of the patient. It is, therefore, necessary to have a clear idea of the clinical evidence which shows when control of the diabetes is not adequate.
An uncontrolled diabetic complains of the symptoms of thirst and frequency of micturition, and in addition he shows the signs of hyperglycaemia, glycosuria, and often ketonuria. The symptoms of diabetes are present only in cases which are grossly out of control, and their significance must be obvious to anyone. The minor degrees of inadequate control are revealed most clearly by the chemical signs. Of these chemical signs it is fashionable to regard a knowledge of the blood-sugar level as of most value. But unbiased considerations of clinical experience reveal that there is no definite correspondence between the height of the blood-sugar and the clinical condition of the patient, and that provided the control of the diabetes is satisfactory in other respects, an uneventful operative and post-operative course may be expected in diabetics even though hyperglyaeomia is present. All the useful information that can be derived from a knowledge of the blood-sugar level can be obtained by testing the urine for sugar and noting, from the extent of reduction of Benedict's solution in different urine samples, the changes in degree of glycosuria. Glycosuria itself is not harmful, but a knowledge of the increase or decrease of glycosuria is of importance in guiding the administration of insulin. The most significant of the chemical signs is undoubtedly ketonuria, for according to its variation the clinical course of the case can be accurately forecasted. This sign is never found unless the diabetes is uncontrolled, and in its presence surgical measures are liable to have unfortunate sequelae. It is detected in small degree by the nitroprusside test and in large degree by the ferric chloride test. Before a diabetic can be considered to be adequately controlled ketonuria must be absent, and it is ofadvantage if glycosuria has been reduced to the minimum possible amount.
Unfortunately these criteria of adequate control can be counterfeited. By starvation or severe restriction of carbohydrate the urine may be freed of sugar and sometimes ketonuria abolished. To institute such measures is to aim at satisfying chemical criteria of normality at the expense of the patient's general condition. I think most surgeons would agree that starvation is a poor preparation for operation 1002 Sections of Surgery, Medicine and Ana3sthetics 1003 in non-diabetics, and there are no reasons for regarding it as a less harmful procedure in the diabetic. Fortunately, I think we can now take it is as a majority opinion that an adequate food intake must be maintained in the diabetic who is to undergo operation, and this being so the criterion of control previously stated can be accepted.
As long as ketonuria is absent a diabetic can be considered to be sufficiently controlled to support surgical measures and to have a normal chance of recovery. This criterion indicates the principle of treatment which must be followed. In its broadest sense diabetes mellitus is a disease in which the ability of the body to utilize carbohydrate is impaired. When carbohydrate utilization is grossly restricted ketonuria appears.
To abolish ketonuria carbohydrate utilization must be restored, and to do this carbohydrate must be given in adequate amounts with sufficient insulin to enable the diabetic to utilize this carbohydrate. The translation of this principle into therapeutic details can now be considered.
In diabetics requiring surgical treatment the physician is concerned with their pre-operative and post-operative treatment. From a practical point of view such cases may be divided into two groups; those in which the operation can be undertaken at a chosen time after the patient has received a thorough preparation, and those in which the operation is an emergency and in which time allows only the minimum of pre-operative preparation. In either case the post-operative treatment of the diabetes is the same. The pre-and post-operative treatmenit of the former type of case will first be considered, and then the preparation of an uincontrolled(ldiabetic for an emergency operation.
When several days are available in which to prepare an uncontrolled diabetic for operation, treatment differs in only one particular from the routine stabilization of diabetic patients. The point of difference arises becauise of the urgency of remedying the starvation in these patients which has resulted from the untreated diabetes. For this reason no attempt is made to build up the patient's diet from o le of low to one of high calorie value. The patient is immediately given a diet yielding at least 1,700 calories and containing at least 180 grm. of carbohydrate. If he will take a larger diet, this is all to the good. Insulin is given in doses sufficient to abolish ketonuria and to reduce glycosuria to a minimum, and preferably in three approximately equal doses each day. It is inadvisable to commence zinc protamine insulin shortly before operation, as considerable time is usually required to determine its correct dosage. If the operation is to be done under local or spinal anaesthesia no further preparation is required, but if general anaesthesia is to be used special preparation is necessary. The following technique has proved satisfactory in my experience: On the day of operation the meal and insulin previous to the time of operation are omitted. Two hours before operation 50 grm. of sugar in lemonade are given by mouth and, just before the patient is sent up to the theatre, 25 units of insulin are given subcutaneously. If the patient has been stabilized previously with zinc protamine insulin the same preparation should be used if the operation is in the morning, but if it is in the afternoon, the usual breakfast and dose of zinc protamine insulin should be given and then, omitting lunch, the above preparation instituted, save that only 10( units of ordinary insulin are given immediately before operation.
The type of anaesthetic to be used is a legitimate concern of the physician because different anaesthetics vary in their liability to produce post-anaesthetic effects. For this reason the post-operative management of diabetics who have received local or spinal angesthesia presents little difficulty. The non-volatile anaesthetics such as avertin and evipan also rarely give rise to trouble. Of the volatile anaesthetics gas and oxygen appears to be the best, but ether, by causing post-operative vomiting and thus preventing the patient taking food, may give rise to considerable trouble. I have had no experience in managing diabetics after chloroform anaesthesia but Joslin, who has had a considerable experience of its use, speaks strongly against it.
In the postoperative period the simplest case to manage is that of a pat ienit who has had a cataract extracted under local anaesthesia. All that is required is to prescribe the patient's usual diet in a lighter form and, if necessary, to adjust the insulin in the same way as during routine balancing. The same simple measures will usually suffice after small operations performed under evipan anaesthesia. In the more serious cases, however, as after a major operation under ether anaesthesia, a special regime will be necessary, and this regime is planned to avoid two dangers. dehydration and diabetic ketosis. The former is treated by fluid and salt, the latter is prevented or cured by giving an adequate supply of carbohydrate and ensuring its utilization by means of appropriate dosage with insulin. No attempt is made to give a diabetic diet after a severe operation. If the patient can tolerate fluid by mouth he is given lemonade with sugar at frequent intervals and in addition allowed to take any other food or fluid he wishes. All urine specimens are tested as soon as possible for sugar and ketone bodies. If sugar only is present, insulin is given subcutaneously according to the following schedule: 20 units of insulin if eight drops of the patient's urine produce a red precipitate oIn boiling wNith one teaspoonful of Benedict's solution, 13 units if the precipitate is yellow, 10 units if the precipitate is green, and no insulin if there is no precipitate. Should, however, ketonuria be present as well as glycosuria, sugar, the antidote to ketosis, must be given in larger quantities by mouth, and in addition 25 units of insuilin should be given at once and repeated after the ingestion of every 50 grm. of sugar. When the patient cannot take fluids by mouth these may have to be given parenterally. Provided ketone bodies are absent from the urine, no energetic steps need be taken for the first twelve hours after operation. During this time insulin should be given according to the schedule previously detailed, and a rectal drip of 5% glucose in half normal saline commenced. If post-anaesthetic vomiting is present steps should be taken to remedy this in the hope that at the end of twelve hours the patient will be able to take sugared drinks by mouth. If ketone bodies are present a slow intravenous infusion of 1000 glucose solution in normal saline should be commenced and for every 50 grm. of glucose infused 30 to 50 units of insulin should be given, according to the severity of the ketosis. Usually an infusion of 2 to 3 pints will abolish a ketosis and this is the standard treatment for a marked ketosis occurring at any time after operation. At the end of the first twelve or eighteen hours if the patient still cannot take fluids by mouth such an intravenous infusion should be given, but if ketonuria is absent the covering dose of insulin for every 50 grm. of sugar injected need only be 10 to 25 units according to the degree of glycosuria present. Success in the post-operative treatment of diabetics depends upon close attention to the clinical condition of the patient and the state of his urine, so that any escape of the diabetes from control may be detected early and treated by the above simple methods before the condition becomes serious.
Up to this point we have been considering the management of a diabetic case in which the surgical lesion was such as to permit the time of operation to be chosen and to allow ample time for the patient to be prepared for operation. The treatment must now be considered of a case in which the surgical lesion requires urgent treatment and the time for preparation is limited. Under such circumstances the first question the physician has to decide is whether it is allowable to operate within an hour, the patient only receiving the usual preparation of 50 grm. of sugar in lemonade and 25 units of insulin subcutaneously. If ketonuria is absent or only present in such quantities as to give a slight nitroprusside reaction it is quite safe to operate as soon as possible. But if ketonuria is present in quantity operation should be deferred until it is either abolished or rapidly diminishing. In such cases an intravenous infusion of 1000 glucose in normal saline should be started at once at the rate of one pint an hour and 50 units of insulin given for every 50 grm. of glucose injected. Frequent urine specimens should be obtained and tested for ketones. As soon as the test for these has become negative or almost disappeared the operation can be commenced without further preparation. With the exception of haemorrhage there are few surgical emergencies in which six hours cannot be spared to prepare the patient for operation in this way. In some cases, however, it will be found, at the end of six hours' treatment, that clinically the patient is not improved and the urine still contains large quiantities of ketones. These cases are nearly always complicated bv severe sepsis which in itself is hampering the measures taken to control the diabetes. Judgmiieint is required, but as a rule it is best at this stage to deal operatively with the sepsis as rapidly and simply as possible and to continue the treatment with insulin and intravenous glucose during and after the operation. The post-operative treatment of these cases is effected by the same methods as have been described previously.
Certain special problems that arise in connexion with particular surgical lesions in diabetics can next be discussed.
It is well known that sepsis exacerbates diabetes and, by interfering with insulin actioin, handicaps the treatment of the diabetic condition. In my opinion patients whose (liabetes is uncontrolled and who have a septic lesion, due either to the staphylococcus or the streptococcus, are unusually liable to develop septicaemia, and for this reason I urge that operation be undertaken early in such cases. In a case in which the sepsis prevents the physician establishing even temporary control of the diabetes there is unlikely to be any dispute as to the advisability of operation, but there is another type of case in which, the sepsis being milder, the surgeon may be reluctant to operate. The most frequent examples of this type of case are seen in patients with carbuncles, but they not infrequently occur in cases with wet gangrene of the feet. iSuch a patient is admitted with a large carbuncle and uncontrolled diabetes.
The surgeon advises conservative measures for the carbuncle and the physician gains control over the diabetes in a matter of twenty-four or forty-eight hours. After this stage the majority of such cases do well, but in a few, two or three days later, it is found that despite the continuance of vigorous antidiabetic treatment the diabetes is beginning to escape from control. First profuse glycosuria and later ketonuria appear. This is evidence that the sepsis is spreading, and if the warning is neglected septicaTmia is liable to follow. In any septic case after the diabetes has once been brought under even moderate control, then at the first sign of anv breakdown of this control the carbuncle should be excised, or, in the case of gangrene, the affected extreniity should be amputated. One of the most interesting conditions which may bring the diabetic patient to the surgeon is the condition which has been called " the diabetic acute abdomen ".
The most prominent feature of this condition is severe continued abdominal pain of sudden onset associated with tenderness and rigidity of the abdominal wall. Usually the pain is felt most severely in the upper abdomen, but occasionally it is more marked on the right side. Such patients always show a strong ketonuria. The importance of the condition lies in its differential diagnosis from acute surgical emergencies, such as a perforated peptic ulcer or an acute appendicitis in association with diabetic ketosis. In making the diagnosis the history, if obtainable, is of value, but the physical signs associated with the surgical emergency may be mimicked so closely that reliance cannot be placed upon them. A further point of confusion lies in the occurrence of a leucocvtosis in cases both of the acute septic abdominal emergencies and of diabetic ketosis. From a practical point of view the differential diagnosis is of little importance. Whether the condition is primarily due to a surgical emergency or to diabetic ketosis these patients are in no state to be operated upon, but by the time they are suitably prepared for operation the abdominal symptoms and signs will have ameliorated if the condition is merely a manifestation of diabetic ketosis. In my opinion the abdominal pain is probably due to distension of the liver by rapid accumulation of fat and is comparable to the pain that occurs over the congested liver in car(liac failure. It is noteworthy that the condition is rarelv if ever seen in children.
Their livers appear to expand easily, for in children with diabetic coma the liver is usually greatly enlarged, whilst in adults in the same state great enlargement is seldom seen, but in both cases the liver is full of fat.
As the diabetic patient is usually under the routine care of a physician the prevention of surgical lesions is one of the physician's tasks, and in this field much may be done in preventing perforating ulcers of the feet and gangrene.
It is usually taught that a perforating ulcer arises from a diseased joint. I am in disagreement with this view. Until three years ago I had to act myself as chiropodist to the Diabetic Clinic at University College Hospital, and I was thus able to observe perforating ulcers at all stages of their formation. In the first stage the patient complains of a more or less painfuil callosity. On paring away the hard skin one exposes a small pear-shaped cavity, the base of which is against the callosity and the apex directed up into the soft tissues of the foot. The cavity is filled with a red fluid of the consistency of cream. X-rays reveal that the joints of the foot are not infected. I suggest that this lesion arises as the result of the callosity focusing' pressure applied to the foot so that a colliquative pressure necrosis occurs in the soft tissues deep to the callosity. In diabetes this lesion appears to give rise to less pain than in non-diabetics, and perhaps this is the reason why often it is allow-ed to progress without treatment. At the second stage the cavity is still barred from the exterior by the callosity but has extended by the path of least resistance up into the soft tissues of the foot and surrounds, but does not enter the joint which is in relation to the callosity. The third stage is infrequently seen. Here the cavity has broken through the callosity but has not yet penetrated the joint. The lesion now has the external appearances of a perforating ulcer, but X-ray shows the joint intact and a probe passed along the track passes round the joint. The fourth stage is the familiar one in which a track leads from an infected joint through a perforation in the centre of a callosity to the exterior. In the first and second, and possibly the third stages, the condition can be cured by removing the callosity and applying wet dressings in the fourth stage amputation at the diseased joint is often necessary. If this view of the development of a perforating ulcer is correct the preventive measures are clear. Treat all callosities in diabetics and perforating ulcers will not develop. Since Mr. A. J. R. Bride, of the Chelsea School of Chiropody, has put this measure into effect in the Diabetic Clinic at University College Hospital, no perforating ulcers have appeared amongst the patients under his care.
Gangrene, which is so common in elderly diabetics, may result from sepsis or from arterial disease. The tissues of the untreated diabetic seem handicapped in their resistance to infective agents so that infections which would rapidly be localized in the healthy person tend in the untreated diabetic to spread and even to cause massive necrosis of the tissues. The commonest example of this process in a pure form is that of the untreated diabetic, with no signs of arterial disease in the extremities, who has a cellulitis of the foot with gangrene around the site of infection, starting possibly frem an infected corn. Perhaps it would be more accurate to classify these cases, not as' gangrene, but as necrotising cellulitis. Gross arterial disease limits the blood supply to the tissues, and naturally this limitation is felt most in the peripheral tissues such as the toes. It is doubtful whether gangrene ever results from gradual restriction of blood supply due to progressive reduction in calibre of the arteries. It is more probable that gangrene in such cases is precipitated by thrombosis in a diseased artery occurring spontaneously or as the result of slight traulma or mild sepsis. The typical example of this process is the aged diabetic with the symptoms and signs of gross restriction of blood supply to the legs who is admitted -with a dry gangrene of one or more toes. But in the great majority of cases of gangrene in diabetics both factors, that of sepsis and that of circulatory disease, play their parts, and this must be recognized in framing preventive mea,sures.
The gangrene which is due to sepsis alone requires little consideration. It occurs only in untreated diabetics and consequently control of the diabetes is an efficient prophylaxis. It is the gangrene in which arterial disease is the main predisposing factor that presents the greater problem. It would undoubtedly be a wise prophylactic measure if all diabetics over 45 years of age were instructed in the simple hygiene of the feet and the avoidance of trauma. But there are some diabetics in whom arterial disease is so advanced that such measures are no longer prophylactic but of urgent necessity. Intermittent claudication, discoloration of the feet when dependent, cold feet with a dry scaly skin, all indicate the severity of the arterial disease and indicate the necessity not only of caring for the feet, but of inspecting the feet, at frequent intervals to ensure that the instructions for their care are being observed. The services of a good chiropodist are of great value in this connexion as he will not only instruct the patient in the necessary prophylaxis, but will also carry out such routine measures as cutting the nails and trimming corns, measures which if performed inexpertly may well precipitate gangrene.
Lastly, there is one point which the physician will do well to bear in mind when gangrene has developed. Patients with advanced arterial disease deteriorate mentally and physically if kept in bed for long periods. If, therefore, the gangrene is dry and of minor degree a sandal should be fitted and the patient allowed to be ambulant. If the gangrene is more advanced and treatment by amputation a probability, no time should be lost in waiting to see if the part will separate; the amputation should be performed and the patient got up and about as soon as possible. Although one may thus occasionally sacrifice a leg which might have been saved, it is in the general interest of these patients to operate early, for the majority have only a few years to live and confinement to bed will reduce this time still further.
Rules Issued to Patients for the Care of the Feet at the Medical Unit, Diabetic Clinic, U.Tniversity
College Hospital
To avoid mortification keep the feet clean and healthy; reasonably warm; and prevent injuries or sores.
Rldes for Care of the Feet Every diabetic patient over 40 years should conscientiously observe these rules (1) Wash the feet every night with soap and water. Dry gently but thoroughly, especially between the toes.
(2) Twice a week (or more often if ordered), after washing and drying, rub in lanoline thoroughly over the whole foot and the toes and all round the edges of each nail.
(3) If the nails are brittle and dry, soften them by soaking in moderately xvarm water fo-half an hour each night and then apply lanoline generously under and about the nails and put on an old pair of socks so that the lanoline will not be rubbed off by the bed-clothes. Do this each night until the nails are no longer brittle and then continue with Rules (1) and (2) only.
(4) Cut the nails only after soaking in soap and water and then cut straight across the top s(5 that the edlges cannot grow in.
(5) WVear thick socks. WN'omen shouil(I either wear two pairs of stockings or one pair with ankle soclks. (6) WNear shoes of soft leather, preferably those in which the toe-cap is as soft as the rest of the "uppers ". On no account must the shoes b3 tight or pinch any part of the foot. The shoes should fit comfortably when you are wearing the socks or stockings advised above. WVear new shoes for half an hour on the first day and increase the time of wearing by one hour daily.
(7) Wear a warm pair of slippers when about the houise, not shoes.
(8) If your feet are cold in bed wear bed-sockIs. If you must use a hot-wvater bottle see that it is in a blanket cover and outside the first layers of blankets so that you run no risk of burninig the foot. Do not toast your feet in front of the fire; avoid chilblains at all costs. If vour feet -et cold (luring the (lay wear more clothes. The best way to keep the feet wvarm is to keep the body warm.
.Special Rtl/es
(1) Corns, soft corns between the toes, bunions, and ingrowin, toe-nails. Do not treat these vourself. Ask the doctor's adv-ice.
(2) Treatment of injuries (cuts, blisters, &c.). Treat immediately. Buv some sterile gauze at the chemists and bandage this over the injury. Do not use antiseptics or disinfectants or hot fomentations. Come up to hospital and see a doctor as soon as possible and be sure to tell him vou are a (liabetic who has been warned to take care of the feet.
Rest, w%ith the leg raised, as much as possible until the wound is healed. On the appearance of any pain, swelling, festering, or if the skin around the wound goes red or blue, get in touch with! a doctor.
Appearance of Miortification
Constlt your doctor immediately if any of the following signs appear in the feet or toes (1) Either numbness or pain. (\'hen either of these is present the toes often look as if made of wax.)
(2) Persistent blue or redldiscoloration.
(3) Blood blisters.
(4) A (lark-coloured patch or scab. Mortification may appear anywhere in the feet but the commonest place is at the edge of the nail, w-here it starts as a small dark scab from under the edges of which matter may ooze. It is undoubtedly insulin which has brought about this remarkable improvement in results. There has been great progress in anaesthesia during the past ten years. New agents and methods have been discovered and tested, and although these advances have done a great deal in rendering anaesthesia safe for the diabetic, the major portion of the credit is due to the discovery of insulin.
From the anesthetist's point of view, the agent used must be one that has the least effect in the first place on the pH content of the blood, and secondly on the blood-sugar content.
Most diabetics requiring surgery are already under treatment by their physician, with or without insulin, and except in acute septic conditions are nearly always sugar and acetone free so far as the urine is concerned. These people, with certain adjustments of carbohydrate and fat intake, combined with a compensatory increase in insulin dosage during the twenty-four hours preceding the operation, will take their anaesthetic as well as if not better than many ordinary individuals. A number of patients unfortunately present themselves for the administration of an aneesthetic, who during the routine examination of the. urine are found to be suffering from glycosuria and acetonuria. It is proposed to deal with these two groups separately.
(1) Patients already under treatment. In pre-insulin days the only method available to render the patient fit for operation was rigid dieting, which in bringing his bloodsugar, fat, and acetone body concentration as near normal as possible, rendered his general resistance so low that it was a question as to whether the end justified the means. To-day, however, the diabetic takes his 120 or 140 grm. of carbohydrate Sections of Surgery, Medicine and Ancwsthetics 1009 per diem, balanced by his dose of insulin, and he is as fit as the normal individual when he comes up for operation, sugar and acetone free.
It is now necessary to ensure that the patient has a generous store of glycogen to help deal wNith his anaesthetic.
One source of treatment recommended is to administer 80-100 grin. of carbohydrate at least five hours before operation, balanced by the patient's usuial morning dose of insuliin. Then one to one and a half hours before operation, 30 grin. of carbohydrate are given by mouth, followed by 15-20 units of insulin. If by chance the last 30 grm. of carbohydrate are wholly or partially lost by vomiting, the excess carbohydrate left over from the original 80-100 grm. will guard against hypoglycminia.
In cases where the patient is taking zinc-protamnine insulin, it is almiiost always in combination with ordinary insulin. Here the zinc protamine may be disregarded, and treatment carried out along the line already described. The danger of hypoglycsemia from the dose of zinc protamine insulin mav be guarded against by administering 10% solution glucose in water per rectum bv the drip method, 20 drops per minute for as long as he w-ill retain it.
(2) The uintreated diabetic. The discovery of glycosuria during the urille exanliination does not carry so serious a significance as the presence of acetone. If this is so then every effort should be made to avoid an ana,sthetic until adequate treatment renders the urine acetone free.
If, however, the surgical condition present makes immediate operation imperative, then the patient should be treated as for incipient coma. 40 gr. of carbohydrate are given four-hourly, with varying doses of insulin according to the amount of sugar found in the urine. Specimens must be obtained before each administration. If necessary the patient must be catheterized. Sugar +++ necessitates 40 units of insulin balanced by 40 gr. of carbohydrate. Sugar +-+ requires 20( units of insulin against the same amount of carbohydrate. A trace of sugar requires only 10 units of insulin. This treatinent is carried ouit until the patient is well enough to take a diet that can be properly balanced.
Premedication. There is no contra-indication to small doses of mlorphia (I gr.) combined with atropine T.) gr. or omnopon I gr. and scopolamine 1 gr.: either injection mav be combined with one of the barbiturates. Avertin may be given, and probably has advantages over the other imore rapidly excreted drugs in that its prolonged action renders it possible to keep the patient anaesthetized with nitrous oxide oxygen without the addition of ether. It may, however, hamper the rectal administration of glucose post-operatively, should the necessity arise.
The intravenous barbiturates are probably the most useful drugs used as basal narcotics. The best known of these are sodium evipan and sodium pentothal.
Choice of Ancesthetic (1) Local or regional ancesthesia.-One or other of these is the method of choice in the diabetics, except in the presence of any sepsis. If it is essential to render the patient unconscious, nitrous oxide oxygen may be given or a small dose of sodium pentothal. It is better to use a regional nerve block rather than a complete infiltration of the area, because of the danger of sepsis. Hale and Tovell state in the paper already mentioned that there is a slight tendency to hyperglycmemia following this method due either to the slight toxic effect of the anasthetic agent, or in cases where the peritoneal cavity is opened, to the subsequent fall in blood-pressure, usually about ten points.
(2) Spinal ancesthesia. Diabetes itself is no contra-indication to the use of suibarachnoid block. The method is useful in abdominal operations and in amputation of the lower limbs.
It may be said that it is superior to abdominal field block in that (a) the muscular relaxation is better; (b) the abdominal wall, whose tissues are possibly devitalized, is not infiltrated with large quantities of fluid.
It is contra-indicated in elderly, debilitated patients whose blood-pressure is unduly low. Nitrouis oxide, oxygen alone or combined with small doses of sodium pentothal, cyclopropane, or divinyl-ether, may be used as an adjuvant with advantage, especially in operations on the upper abdomen.
Agents used in spinal ancesthesia. (a) Novocain: This is the least toxic of all.
It may be used in crystalline form, dissolved in the patient's own cerebrospinal fluid, or in the form of planocaine. It is especially useful in the shorter surgical procedures such as amputation of the lower limb for gangrene. (b) Percaine: There are many inethods described for the administration of this drug. The length of anaesthesia obtained by its use holds advantages over novocain in the more extensive operations. The two best-known methods of administration are those described by Howard Jones (Anes. & Anal., 9, 218) , and Etherington Wilson (British Jour. Anesthesia, 1934, 11, 43) .
It is important in the case of the diabetic to avoid as far as possible any great fall in blood-pressure. This can be done by careful premedication. Morphia I and hyoscine 1-0 should be combined with coramine 1 c.c. at least three-quarters of an hour before operation. Ephedrine 3 gr. to 1 gr. should be given ten to twenty mninutes before the spinal injection. Careful watch should be kept on the bloodpressure every three minutes. Any tendency to deterioration can be checked by the intravenous injection of ephedrine in I to 1 gr. doses.
Neff and Stiles, in a paper written in 1936 (Canadian lied. Ass. Journ., 35, 56-61) point out, however, that even with this method there is a post-operative rise in bloodsuigar and a slight diminution of the CO2 combining power of the plasma.
(3) Inhalation ancasthesia. (a) Chloroform: There is no doubt that this drug must be avoided absolutely in all cases of diabetes. The tissue-cell destruction in the liver, caused by its toxic effect, impairs the glycogenic function more than any other agent. Now that we have such drugs as pentothal, divinyl ether, and cyclopropane at the disposal of the anwxsthetist, the use of chloroform is totallv unjustifiable.
(b) Ether: The value aand safety of ether as an an.Tsthetic agent in diabetes are subjects for argument and consideration. Sansum and Woodyatt (Journal Biol. Chemistry, 1914, 19, 1) proved that ether administered to diabetic dogs produced immediate hyperglycoemia and temporary suppression of urine. Clinical observations show the same conditions arising in the human being accompanied by a rapid increase in the fat content of the blood, the whole process resulting in hyperglycoemia, glycosuria, and acetonuria. In practice, however, it is found that ether is of great value when used in srnall quantities as an adjuvant to nitrous oxide and oxygen, especially when the patient is receiving adequate pre-operative and post-operative treatment with glucose and insulin.
(c) Nitrous oxide: Nitrous oxide and oxygen mixture is undoubtedly the safest and best inhalation an2esthetic for the diabetic. McKesson, with his improved apparatus and technique of administration, accomplished much to widen the field of surgery possible under this anaesthetic when given alone. The effect on the blood chemistry shows a rise in blood-sugar greater, possibly, in cases where a degree of cyanosis has been necessary to keep the patient sufficiently deep. The tendency to post-anaesthetic acidosis is negligible compared to ether. Nitrous oxide and oxygen can, however, be supplemented with sodium pentothal, divinyl ether, or cyclopropane, in order that relaxation may be obtained, together with adequate oxygenation to keep the patient a good colour throughout. An interesting paper was published in the Lancet (November 19, 1938 (November 19, , p. 1170 by Organe and Broad on the use of nitrous oxide oxygen in combination with sodium pentothal, a method that should prove safe and useful in diabetes.
Nitrous oxide oxygen is undoubtedly the safest anaesthetic to use in midwifery in diabetic patients.
(d) Cyclopropane: This, the latest inhalation anaesthetic, has superseded acetylene and ethylene in this country. Cyclopropane was investigated clinically by Waters of Madison in 1934. Examination of the blood chemistry following its administrationi showed a rise in blood-sugar, less than that following ether, which rapidly returned to normal. The CO2 combining power of the plasma was not appreciably affected.
Stiles of Philadelphia, during his investigations into the effect of cyclopropane on blood chemistry, showed that in a series of 25 non-diabetic patients there was a rise of 8 to 30 mgm. % in the blood-sugar returning to normal in three to four hours. In 30 controlled diabetic patients there was an average rise of only 7 mgm. %, which also returned to normal in four hours.
The effect of cyclopropane on liver function was investigated by Raginsky and Wesley Bourne of Montreal in 1934. Experiments were carried out on dogs with normal livers and dogs with livers damaged by repeated administrations of chloroform. No increased impairment was found after administration of cyclopropane.
As far as renal function is concerned, it appears that excretion of urine is, as in the case of ether anaesthesia, slowed down or even suppressed. It rapidly returns to normal.
Blood-pressure is raised slightly, which is of great advantage when cyclopropane is administered in conjunction with a spinal anesthetic.
It has been observed that cyclopropane anaesthesia is sometimes followed by an alarming fall in blood-pressure immediately after administration has ceased. Also it has been found that patients, although they have been free from nausea during the first twenty-four hours, suffer a great deal during the second twenty-four hours with retching and vomiting.
Neff and Stiles, in their paper already mentioned, point out that the former sequela is due to the too-sudden removal of the mask and consequent rapid drop in the oxygen concentration of the mixture inhaled.
Recent work published by Burford of New York (Curr. Res. Ances. Anat., 1938, 17, No.5, 241, 251) on the uses of inert gases in anaesthetic atmospheres, suggests the value of nitrogen, helium, or hydrogen, in cyclopropane anaesthesia, or in any form of closed circuit anaesthesia, one of his points being that this fall in bloodpressure does not occur when the excess oxygen is replaced by one of these gases.
Recent experience has shown that this improved method of administration prevents these unpleasant symptoms.
Neff and Stiles, in the above-mentioned paper, also show a These figures were taken three hours before operation following prelimiinarv insulin and glucose dosage and four hours after operation, before post-operative treatment was started, in 90 controlled diabetics. It woull seem, therefore, that cyclopropane is a valuable agent for anaesthesia in diabetes, but still cannot take the place of nitrous oxide oxygen in minor surgical procedures.
(e) Divinyl ether: This new anaesthetic, when used in small doses, is useful in minor operations on children such as dental extractions, or tonsillectomv and adenoidectomy, guillotine method. It is also a useful adjunct to nitrous oxide oxygen when used in conjunction with a spinal or abdominal field block in operations on the upper abdomen. The absence of post-anwsthetic vomiting is a well-marke(d feature.
The effect on the blood chemistry is similar to cyclopropane, but in large doses it is toxic to the liver.
(4) Intrarenous ancesthetic. JDuring the past eight years, various drugs for intravenous injection have appeared. Maniy of them vanished into obscurity quite rapidly, but some have come to stay, and form a necessary and invaluable part of the anawsthetist's armamentariuim. Sodium-amytal, nembutal, and pernoctoni have been supersede(d by sodium-evipan, sodium-pentothal, and recently by yet aniother, sodium-thioethamyl. Of these the most popular is sodium-pentothal. This drug may be administered by the continuous method mixeJ w-ith saline.
Experience with sodium-thioethamyl has shown very little difference between pentothal and thioethamyl clinically, except that possibly the latter has a slightly more depressing action on the respiratory centre. This method is excellent in diabetic cases as the resulting effect on the blood-sugar and the CO2 combilning power is very slight.
In conclusion it is proposed to append a list of operations, w-ith suggestionis a, to the most suitable form of anaesthesia. II.-Tar, nose, and throat opevations.
Endotracheal nitrous oxide oxygen and pentothal or vinesthene. Endotracheal cyclopropane. Vinesthene in children for guillotine operations.
III. Ophthalmic operations.
Sodium-pentothal (this is outstandingly useful in these operations oving to the absence of congestion, coughing, and post-anmesthetic vomiting).
\T.-I'horacic operations.
Nitrous oxide oxygen. Cyclopropane.
Unilateralpercaine spinal (Pink and Harris). The large area of infiltration necessary in local anmesthesia in thoracoplasty increases the danger of sepsis. V. Abdominal operations.
Abdominal field block. Subarachnoid block in upper abdominal surgery, supplemented if necessary by nitrous oxide oxygen or cyclopropane.
VIXI. Amiputation of leg.
Subarachnoid block using novocaine.
The conclusions drawn from this short review point out that while insulin has done so much to render surgery safe for the diabetic patient, new methods and new agents in anaesthesia have also accomplished a great deal in preventing the postaneesthetic complication that must, if possible, be avoided in diabetes, and that is acidosis.
Mr. E. C. B. Butler: I shall deal with cases of gangrene of the lower limb associated with proved diabetes. This condition is still one which should be looked upon as a grave complication, as despite the improved treatment now available the mortality at the London Hospital still stands at 21%.
The figures below show the results of the last 100 cases of diabetic gangrene as compared with 100 cases treated at the same hospital before the introduction of insulin. The total operative mortality was 28%.
In comparing these figures it can be seen that the use of insulin has apparently delayed the onset of gangrene so that its incidence now is at the same age level as that of the ordinary senile type. In addition it has abolished the deaths from coma but seems to have had little effect on the death-rate from infection. It is interesting to note that the cause of death in two of the last series was gas gangrene from anaerobic streptococcal infection.
Finally, I should like to report a case which I had some years ago. A middleaged woman was admitted having cut her wrist on some glass. She had severed her radial artery and her median nerve and had lost a lot of blood. She lapsed very quickly into diabetic coma, and although she was known to be a mild diabetic this was the first attack of coma she had had.
Her coma was treated in the usual way and then she was given a blood transfuision and lastly her median nerve was sutured under local anaesthetic. Here was a case of coma coming on as a direct result of arterial hoomorrhage combined with a certain amount of shock.
